Research has shown that with practice people improve on most tasks. It has also been made clear that over time interruptions become less disruptive. It is unclear whether the reduction in interruption disruptiveness is due to a general practice effect or specific to the interruption/resumption process. In this experiment, participants performed three sessions of a task with one, two, or three of the sessions containing interruptions. We found that in addition to all participants showing primary task improvement, those with more exposure to interruptions also showed improvement in dealing with the interruptions. Specifically, participants with practice on only the primary task did not show improvement with the interruptions. These results suggest that the mitigations of the disruptions are directly related to people getting better at handling the interruptions.
INTRODUCTION
In the modern workplace, interruptions disrupt each one of us on a daily basis. We have email notifications, meeting reminders, instant messages, text messages, and countless other sources of disruption constantly demanding our attention. Many studies have shown that interruptions are disruptive to the performance of a primary task (Gillie & Broadbent, 1989; Hess & Detweiler, 1994; Miyata & Norman, 1986; Monk, 2004; Trafton, Altmann, & Brock, 2005; Trafton, Altmann, Brock, & Mintz, 2003) . These interruptions are, for the most part, unavoidable and it is important to work towards understanding ways to mitigate their disruptive effects.
In previous studies, researchers have found that there is a strong learning component to interruptions. For example, Trafton et al. (2003) found that participants not only sped up on the primary task, but their time to resume following an interruption also decreased over three twenty minute sessions -they learned how to resume faster with practice. Additionally, the overall effectiveness of disruption-mitigation strategies seems to decrease with practice: Trafton et al. (2003 Trafton et al. ( , 2005 found that the effect of disruption mitigation strategies (e.g., rehearsal or environmental cues) was much greater in earlier sessions than in later sessions. Hess & Detweiler (1994) showed a decrease in primary task accuracy when participants were interrupted after having been trained on the primary task without interruptions as opposed to when they had been trained with interruptions.
These experiments show that people do get better at the interruption/resumption process with practice, though interruptions are still disruptive compared with noninterrupted performance. It is unclear from these experiments, however, where the locus of improvement is. It could be that as participants practice a task, they learn that task and their resumption ability is simply based on this primary task learning. Alternatively, it could be that people actually learn how to resume after being interrupted. In other words, it is their experience in dealing with interruptions and resumptions that reduce the overall disruptiveness of interruptions. Note that the difference between these two explanations has profound implications for training. If learning the primary task reduces the disruptiveness of interruptions, then training can focus on individual tasks. If, however, learning to resume is critical, then tasks must be trained in an environment where interruptions occur frequently so that learning to resume is integrated into the task learning. Different theoretical models of interruptions do not make strong predictions about which of these explanations is correct. There is a learning component in most theories of interruptions, but none of them predicts which process occurs after an interruption. The goal of this work was to first replicate the overall mitigations shown by Hess & Detweiler (1994) and Trafton et al. (2003) and to then tease apart and account for primary task improvements as opposed to improved performance on the act of resuming an interrupted task.
EXPERIMENT
To show differences between main task improvement and improvement on the resumption process, we designed an experiment in which participants had different amounts of practice being interrupted. In this experiment, participants were interrupted in one of three sessions (condition 3.1), in two of three sessions (condition 3.2), or in all three sessions (condition 3.3). In the one and two session interruption conditions, the non-interrupted trials always occurred before the interrupted trials.
It was predicted that if the mitigations were only based on primary task improvement, then the resumption times would decrease across sessions regardless of whether participants were interrupted in previous sessions; in other words, the resumption times would be equal for all three groups in session 3. Alternatively, if participants learned to resume, then the resumption time would only decrease across interrupted sessions and would be proportional to the number of interrupted sessions each participant had completed (i.e., more interrupted sessions leading to faster resumption times) rather than the total number of sessions each had done. In other words, the resumption times in the final session would be shortest for the three session interruption condition, followed by the two session interruption condition, and finally the one session interruption condition.
METHOD Participants
Fifty-seven undergraduates from George Mason University participated for class credit. All were randomly assigned to one of three conditions.
Task and materials
The primary task (Figure 1 ) was a complex desktop computer based resource-management and strategy task (Brock & Trafton, 1999) . Participants were responsible for managing a set of tanks (heavy and light) and their associated munitions, fuel, and fuel tanks in order to destroy three destinations. The interface consisted of a number of windows that allowed the operator to equip the tanks and subsequently send them on missions. Status updates were given upon each user action to allow the operator to track the success or failure of the overall mission. The secondary task (Figure 2 ) was a tactical assessment task (Ballas, Kieras, Meyer, & Brock, 1999) . In this task, objects moved from the top to the bottom of the screen and had to be coded hostile or neutral depending on their color and a set of rules regarding the speeds and directionality of the different objects. These two tasks were displayed sequentially and were never on the screen at the same time.
Design and Procedure
Participants were trained on the primary and secondary tasks individually and were shown one interruption. There was one within-participants factor (total number of sessions) and one between-participants factor (number of interrupted sessions). Each session lasted approximately 20 minutes and the program shut down automatically at the end of each session.
All non-interruption sessions consisted of the participants performing only the primary task. During an interruption session, participants were interrupted with the secondary task twelve times. Each interruption lasted approximately 30 seconds. All interruptions occurred directly after a mouse click. Conditions were named as "number of total sessions. number of interrupted sessions." For example the one interruption condition was 3.1 as participants did 3 total sessions with only the last one being interrupted. Participants in condition 3.2 had the last two sessions interrupted, and participants in condition 3.3 had all three sessions interrupted (Figure 3 ). 
Measures
Each mouse-click and keystroke was recorded for all participants. In both interrupted and non-interrupted sessions, the inter-action interval was measured by taking the time difference between actions, defined by mouse-clicks, on the primary task.
A special type of inter-action interval called the resumption lag was measured for each of the twelve interruptions in the interruption sessions. This metric has been shown to reliably quantify the disruptive effects of interruptions (Monk, 2004; Trafton et al., 2003 Trafton et al., , 2005 . It is defined as the time it takes to resume the primary task following the cessation of the interruption (Altmann & Trafton, 2004) , measured in this task as the time between when the tank task is redisplayed following an interruption and the first click on the tank task.
RESULTS AND DISCUSSION
Outliers greater than three standard deviations from the mean were removed from the resumption lag data. As expected, the mean inter-action intervals decreased linearly across conditions from session 1 to session 3, F(1,59) = 32.37, MSE = 0.096, p < 0.001 (Figure 4) . This confirmed the overall practice effect on the primary task as shown previously (Trafton & Trickett, 2001; Trafton et al., 2003) . As Figure 5 suggests, experience with interruptions (condition 3.3) led to a decrease in resumption times across sessions (M Session1 = 5.20, M Session2 = 4.21, M Session3 = 4.24), F(1, 18) = 8.58, MSE = 1.50, p < 0.05 These results support our claim that in addition to primary task training, participants are also improving on handling the interruption. Improvement in dealing with interruptions was also shown by the significant downward linear trend found across conditions in session three (M 3.1 = 5.49, M 3.2 = 4.53, M 3.3 = 4.24), F(2, 54) = 3.74, MSE = 2.15, p < 0.05. Overall, these findings imply that the disruptiveness of interruptions can be mitigated through training and practice, so long as the actual interruption and resumption process is included.
The decreasing inter-action intervals across sessions confirms the main task practice effect (Trafton et al., 2003) , which we expected to see. In addition to improved performance on the main task, practicing with interruptions was important as the resumption lags decreased across conditions from one session to the next when the first of these two sessions was interrupted. Along with the significant downward linear trend in condition 3.3, resumption lags also decreased significantly from session 2 to session 3 in condition 3.2, t(235) = 2.02, p < 0.05.
From these data it is still not clear whether these improvements are due to the overall practice of the task or specifically due to improvement on the interruption. A more interesting trend to notice is that across all conditions, the first time someone was interrupted (the three tallest bars in Figure  4 ) the corresponding resumption lags were not statistically different, F(2, 36) = 0.97, MSE = 1.39, p = 0.39. If this were not the case, and the only aspect being trained was primary task performance, then we would expect that all the resumption lags for all three conditions in session 3 would be equivalent. Instead our data suggest that the decreasing resumption lags seen in the multiple interruption conditions (3.2 and 3.3) are due to participants' learning how to better deal with the interruption.
It is interesting that most of the training effect on the interruption occurs in the first twenty-minute session. Although there is a large (and reliable) decrease in resumption lags between the first and second sessions in condition 3.3, there is no additional benefit to the resumption process after the second interrupted session. It would seem that either there is some baseline level of disruptiveness that cannot be trained away or the training effect plateaus after one session. Additional sessions would be needed to test this theory. Both Trafton et al. (2003) and Hess and Detweiler (1994) suggested that performing an interrupted task over time would lead to a mitigation of the disruptive effects of that interruption. However, neither of those studies was able to determine what aspects of the task-interruption-resumption process were being trained. Our data clearly show that in addition to getting better at the primary task, participants were actually learning how to deal with the task resumption process. The implications of this work suggest that one way to help mitigate the disruptive effects of unavoidable interruptions is simply to practice dealing with them.
